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Several pharmacological therapies are available for osteoporosis prevention and treatment, and, in Italy, bisphosphonates (BPs) are most commonly used, followed by strontium ranelate (SR).
While for both treatments the efficacy in reducing fracture risk is well established in randomized controlled trials, [3] [4] [5] [6] [7] [8] [9] [10] there is conflicting evidence about BP use and cardiovascular risk.
An increased risk of atrial fibrillation (AF) in BP users was reported by several clinical trials 3, [11] [12] [13] [14] and a meta-analysis, 15 while other authors did not confirm these findings. 5, 6, 16, 17 Conflicting results are also coming from observational research. While several studies suggest an increased risk of acute myocardial infarction (AMI) 18 and AF among BP users, 13, 14, [19] [20] [21] [22] other studies did not find any association between exposure to BPs and increased cardiovascular risk. [23] [24] [25] [26] In one study, the increased risk was limited to AMI and only for longer exposure to BPs. 27 Some authors even suggest a possible risk reduction of AMI and other cardiovascular diseases. [28] [29] [30] [31] A series of potential mechanisms by which BPs might increase AF risk have been proposed, including an activated inflammatory state, altered electrolytes impacting cardiac conduction, antiangiogenic effects, and long-term atrial structural changes. 28, 32, 33 On the basis of the disparate findings reported in trials, observational studies and meta-analyses, some authors recommend that patients with preexisting risk factors for AF should be monitored when they start BP treatment. 34, 35 The I-GrADE (Italian Group for Appropriate Drug Prescription in the Elderly) project, a recent Italian multicentre programme focussed on inappropriate pharmacological treatments in older adults affected by cardiovascular disease and other chronic comorbidities. A systematic literature review, performed by the group, identified BP use in patients with cardiovascular conditions as being potentially inappropriate. 36 Therefore, in line with the commitment of the I-GrADE consortium, the aim of the present study was to investigate the hypothesis of increased risk of AF and acute cerebrovascular/cardiovascular (CCV) events, in particular acute ischaemic heart disease, heart failure, arrhythmia and acute cerebrovascular events, in a large cohort of older adults with cardiovascular diseases and exposed to BPs in a real-world setting, compared with other antiosteoporotic treatments and no treatment. Along with the other studies performed in the context of the I-GrADE research programme, our results might contribute to define a reliable list of indicators of inappropriate drug treatment and improve drug prescribing to older adults affected by cardiovascular diseases.
Methods

Setting
The present study was performed in the context of the multicentre I-GrADE project, funded by the Italian Medicines Agency, which has been described in detail elsewhere. 35 Briefly, healthcare data from three Italian regions (Lazio, Lombardy, and Tuscany) and two local health units (Caserta and Treviso), were retrieved for patients aged 65 years or older and discharged from hospital with a diagnosis of acute CCV disease between 2008 and 2012. The database comprises information from administrative claims including demographic data, mortality, hospital discharge records with diagnoses coded using the 9th version of the International Classification of Diseases, with clinical modification (ICD-9 CM), and outpatient drug prescription claims, coded in the Anatomic Therapeutic and Chemical (ATC) classification system. Further details of the cohort inclusion and exclusion criteria have been reported previously. 37, 38 Study population We performed two nested case-control studies to evaluate the relationship between anti-osteoporotic drug use and the risk of AF (referred to hereafter as 'the AF study') and acute CCV events (referred to hereafter as 'the CCV study'); Figure 1 summarizes the main characteristic of the study design. The study cohort consisted of all patients aged 65 years and over, discharged from hospitals after a CCV event (heart failure, cerebrovascular disease or ischaemic heart disease) between 1 January 2008 and 31 December 2011 (index admission). Exclusion criteria were: less than 12 months of journals.sagepub.com/home/taw 3 follow-back for comorbidities assesment, treatment with anti-osteoporotic drugs (BPs, SR, raloxifene, teriparatide, calcitonin, denosumab, and oestrogens) in the year before the index admission, and fewer than 30 days of individual follow up after the index admission. The length of the wash-out period was driven by data availability.
Follow up
Follow up started on the index date and ended at the occurrence of the study outcome, death, switch to an alternative osteoporosis treatment, or disenrollment from the regional healthcare system, whichever came first.
Nested case-control studies Overall, two mutually exclusive nested case-control studies were performed within the study cohort. In the AF study, cases were defined as patients with a hospital admission having a primary diagnosis for AF (ICD-9-CM 427.3) occurring after the index hospital admission. In the CCV study, the outcome of interest was a composite endpoint of acute CCV events [acute ischaemic heart disease (ICD-9-CM 410-411), arrhythmia (ICD-9-CM 427.x), acute cerebrovascular events (ICD-9-CM 430-432, 433.x1, 434.x1, 436), and heart failure (ICD-9-CM 428.X)]. For both studies, events occurring within 30 days after the index date were not considered, as they might have been related to the index admission. A total of four controls were matched to each case by sex, 5-year age group and duration of follow up. Controls were chosen among patients with no hospital admission for the specific outcome of interest within the case follow-up time, regardless of hospitalizations for other causes.
Exposure
The exposure of interest was treatment with antiosteoporotic drugs, considering three different groups: (1) BPs (e.g. clodronic acid, pamidronic acid, alendronic acid, ibandronic acid, risedronic acid, zoledronic acid, neridronic acid), (2) SR and (3) other anti-osteoporotic drugs (e.g. raloxifene, teriparatide, calcitonin, denosumab, oestrogens), using no anti-osteoporotic treatment as a reference group. Exposures were mutually exclusive, and the very few patients switching between treatments during follow up were excluded. Overall, three exposure measures were applied: no use versus ever use, defined as at least one prescription during the follow up; the proportion of days covered (PDC), calculated as the number of defined daily doses (DDDs) available to the patient over the days of patient-level follow up, and divided into three categories (<20%, 20-80%, >80%); time between the date of the last prescription prior to the outcome and the outcome, distinguishing between current users (⩽90 days before the event/end of follow up), recent users (91-180 days before the event/end of follow up), and distant users (>180 days before the event/end of follow up) in line with a previous Italian study. 21 Covariates Several potential confounders were taken into account: the CCV condition at enrolment, comorbidities retrieved through hospital admissions during the 2 years before the index admission, both, as primary and secondary diagnoses and drug use in the year before index admission (Table 1) was retrieved from drug claims databases. The choice of different time windows was driven by data availability. Comorbidities and concomitant medications were selected through a stepwise approach. Crude and adjusted association measures were estimated using conditional logistic regression models.
Sensitivity analyses
A total of three sensitivity analyses were performed. In the first analysis, we excluded patients who spent more than 50% of their follow-up time in hospital, accounting for the lack of information on drug treatment in hospital. Secondly, we used the cardiovascular diagnosis at enrolment as a matching variable, rather than as a potential confounder, and thirdly, we considered BP users only and compared different adherence patterns (PDC < 20%, 20-80%, >80%).
All the analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA).
Results
Among over 800,000 patients discharged from hospital with a CCV diagnosis during the study period, 657,246 were enrolled in the study cohort ( Figure 2 ). More than half of the study population were men and the mean age was 78.3 ±7 years.
The most frequent conditions at enrolment were heart failure, stroke, AMI and AF. During follow up, 28,090 patients were diagnosed with AF (rate: 1.8/100 person years), and 157,031 patients were hospitalized for the combined CCV outcome (rate: 11.3/100 person years) ( Figure S1 and S2).
Among the 30,756 patients with anti-osteoporotic treatment, BPs were the most commonly prescribed (70.0%), followed by SR (28.0%). All other agents were much less commonly used.
The main characteristics of cases and controls in the two studies are reported in Table 2 . In the AF study, cases were more likely to have had a previous episode of AF (12.3% versus 4.6%) or arrhythmia (72.4% versus 42.0%) and were more frequently treated with cardiac therapy and oral anticoagulant (47.0% versus 34.0% and 31.0% versus 14.4% respectively). In the CCV study, cases were more commonly treated with diuretics and cardiac therapy in the year before the enrolment in the cohort, compared with controls. 
Condition
ICD-9-CM CODE
Index and previous hospitalizations
Antihypertensives C02
Diuretics C03
Beta-adrenergic antagonist C07
Calcium channel blockers C08
Acetylcholinesterase inhibitors C09
Lipid-modifying agents C10
Oral anticoagulants B01AA, B01AE, B01AF
Drugs used in diabetes A10A, A10B
Platelet aggregation inhibitors, excluding heparin B01AC
Corticosteroids for systemic use H02
Thyroid therapy H03 CCV disease and can thus be considered inappropriate for this population.
The present study does not provide evidence for an increased risk of AF or CCV events; moreover, more adherent patients showed a decreased risk of either AF or CCV.
These findings are in line with those from several randomized controlled trials and observational studies, especially with population-based studies from Denmark and the United Kingdom [23] [24] [25] [26] and support indications to continue using BPs as a firstline treatment for osteoporosis, keeping patients at high AF and CCV risk closely monitored. 35 On the contrary, a previous multicentre study using data from Italy suggested an increased risk of AF among patients using BPs compared with those who had stopped BP therapy for more than 365 days before the event. 21 An increased AF risk was also reported from a recently published observational study from Taiwan, which yet is not strictly comparable with our study, as BPs were compared to vitamin D rather than to other treatments, and the findings were based on small numbers. 22 On investigating the effect of exposure duration, the lack of association between BPs or SR and AF or CCV persisted. This might be partly due to a healthy adherer effect: patients with higher adherence are likely to have healthier lifestyle habits. Another possible explanation is that clinicians are more likely to continue prescribing drugs with a long-term treatment effect such as anti-osteoporotic drugs in persons with a long life-expectancy and fewer contraindications. Moreover, journals.sagepub.com/home/taw 9 long-term users are typically those patients that tolerate the drug well. Similar findings were reported from a study on the association of BP use and valvulopathy, where a protective effect was indicated with prolonged use. 39 Also, a Danish study reported an increased AF risk after discontinuation of BPs, which is intuitive of selective de-prescribing. 20 A similar study on heart failure in patients treated with BPs found a dosedependent risk reduction among alendronate users. 40 Similarly, a cohort study comparing alendronate with raloxifene found a lower risk of cardiovascular disease in patients receiving higher doses of alendronate. 41 In another cohort an inverse dose-response relationship between exposure to alendronate and the risk of AMI was detected and the authors concluded that this finding 'precludes that alendronate per se increases the risk of AMI and atherosclerosis'. 42 When comparing results between studies, one must bear in mind the differences in the study populations. For example, the most recent observational study compared BP treatment versus vitamin D and none, rather than different active BP treatments 22 (Yang) . Our cases and controls were part of a cohort of patients with pre-existing cardiovascular conditions, and this may lower external validity, that is, results may not be fully comparable with those reported by other researchers. Still, the aim of the present study was to identify potentially inappropriate drug treatment in this population and all enrolees were well characterised for the underlying CCV risk.
Another critical aspect when comparing studies arises from differences in exposure definition, which may have an important impact on the results. In our study, adherence was simulated with DDDs because our data do not provide information on individual dosages or patient's compliance. We used different exposure measures, also accounting for the effect of timing and treatment duration.
Osteoporosis in our administrative claims databases is likely to be under-reported, as this condition does not require hospital admission as a primary cause and is unlikely to be recorded on hospital discharge as a secondary cause. Consequently, osteoporosis diagnosis was not among the inclusion criteria, but we considered the osteoporosis drugs as a sufficient proxy for having the disease. We therefore included SR and other anti-osteoporotic drugs for comparison, also bearing in mind that an association between osteoporosis itself and cardiovascular disease has been suggested. 43 Another limit is the fact, that we could not account for vitamin D treatment, as this is not perfectly retrievable in our databases, and that numbers were too small to analyse single BP active agents separately.
The role of the CCV condition at enrolment of the patient was dealt with through two different approaches, namely including the condition as a covariate in the logistic regression model, and performing sensitivity analysis in which cases and controls were matched on their underlying CCV condition. Both approached produced overlapping results. Residual confounding is an issue in all observational studies, especially when based on administrative healthcare data, which do not comprise detailed clinical data or lifestyle information (e.g. body mass index and smoking). We tried to limit confounders by using a new-user design, matching cases with up to four controls, restricting the study population, and performing sensitivity analysis, which produced robust results. For example, we restricted the study population to BP users, comparing different levels of adherence, to rule out the risk of indication bias. Furthermore, in our study we did not have information regarding the indication of drug use, that is, a diagnosis of osteoporosis. Therefore, we compared the risk of the study outcomes not only between users and nonusers of BPs, but also between different osteoporotic treatments, as a proxy for the condition itself, in order to reduce the role of the underlying condition.
Conclusion
The present multicentre study was based on a large population of elderly patients in five different geographic areas in Italy accounting for about 21 million people, that is, about 35% of the overall Italian population. We found no evidence of an increased risk of AF in patients treated with oral BPs or SR compared with nonusers. BP and SR use was associated with an increased risk of CCV, which disappeared with high adherence, suggesting a healthy adherer effect. According to the results of our study, osteoporosis treatment with BPs cannot be considered inappropriate in elderly patients, but they should be carefully monitored.
